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ABSTRACT

Five years (2000-2004) of spatially complete snow-free land surface albedo
data have been produced using high-quality flagged diffuse bihemispherical
(white-sky) and direct-beam directional hemispherical (black-sky) land surface
albedo data derived from observations taken by the MODIS instrument aboard
NASA'’s Terra satellite platform (MOD43B3, collection 4). In addition, a spatially
complete snow-free aggregate albedo climatology product was generated. These
spatially complete products were prepared using an ecosystem-dependant tem-
poral interpolation technique that retrieves missing data within 3-8% error.

These datasets have already been integrated into research and operational
projects that require snow-free land surface albedo. As such, this paper provides
details regarding the spatial and temporal distribution of the filled versus origi-
nal MOD43B3 data. The paper also explores the intra- and interannual variation
in the five-year data record and provides a qualitative comparison of zonal aver-
ages and annual cycles of the filled versus original MOD43B3 data.

The analyses emphasize the data’s inter- and intra-annual variation and
show the filled data exhibit qualitatively similar large- and small-scale phe-
nological behavior to the original MOD43B3. These analyses thereby serve to
showcase the inherent spectral, spatial, and temporal variability in the MOD43B3
data as well as the ability of the fill technique to preserve these unique regional

and pixel-level phenological characteristics.



1. Introduction

Surface albedo represents the ratio of reflected to incoming solar radiation at
the earth’s surface and is a central element in the determination and partitioning
of the surface energy balance components. Surface albedo is also important for
remote sensing of clouds (King et al. 1992, 2003, 2004; Platnick et al. 2003) and the
determination of aerosol optical properties (Kaufman et al. 1997; King et al. 1999;
Hsu et al. 2004) from satellite and airborne platforms, as well as from surface-
based sun/sky radiometers (Holben et al. 1998; Dubovik et al. 2000).

Snow-free albedo is especially important for biophysically-based land sur-
face models that compute the exchange of energy, water, momentum, and carbon
for various land use categories (Sellers et al. 1996; Ingram et al. 1989; Dirmeyer et
al. 1994; Whitlock et al. 1995). Partly in response to this need, validated (Liang et
al. 2002; Jin et al. 2003a, 2003b; Wang et al. 2004, Zhang et al. 2007) diffuse bi-
hemispherical (white-sky) and direct-beam directional hemispherical (black-sky)
land surface albedo data, known as MOD43B3 (Schaaf et al. 1998), have been de-
rived from observations taken by the Moderate Resolution Imaging Spectroradi-
ometer (MODIS) onboard NASA’s Terra (King and Herring 2000) spacecraft.
Beginning on February 24, 2000, global values at 1 km spatial resolution were
produced every 16 days for the first seven MODIS bands, 0.47 through 2.1 ym,
and for three broadband spectral regions, 0.3-0.7, 0.3-5.0, and 0.7-5.0 ym.

However, roughly 30% of the global land surface, on an annual equal-angle
basis, is obscured due to persistent and transient cloud cover, while another 20%
is obscured due to ephemeral and seasonal snow cover. Accordingly, a region-
ally consistent phenologically-based temporal interpolation technique was de-
veloped to provide spatially complete global snow-free land surface albedo. This

phenological technique fills missing, lower-quality flagged, and snow-covered
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data from the original MOD43B3 dataset with temporally interpolated best esti-
mates that have an accuracy of 3-8% (see Section 2 and Moody et al. 2005 for de-
tails).

Since Moody et al. (2005), the authors have slightly refined the technique
(Section 2) and applied it to the five individual years of collection 4 MOD43B3
albedo data spanning 2000-2004. In addition, MOD43B3 data from the same pe-
riod were aggregated and treated using the same technique to produce a five-
year albedo climatology. These datasets have had success and are being used in
research and operational projects that require interannually variable and spa-
tially complete ephemeral and seasonal snow-free land surface albedo (Hsu et al.
2004, 2006; Marshak et al. 2006; Matsui et al. 2006; Ramon and Santer 2005; Roy et
al. 2006; Tegen et al. 2006; Wen et al. 2006; Yu et al. 2006).

The purpose of this paper is therefore two fold. First it gives users ample de-
tails regarding the spatial and temporal distributions of filled versus original
MOD43B3 data (Section 3). Second, it builds upon previous analysis (Moody et
al. 2005) and presents seasonal albedo maps (Section 4) as well as a qualitative
comparison of zonally averaged fields and annual phenological cycles of pixels
that have been filled versus pixels flagged as original high-quality MOD43B3
data (Section 5). These analyses showcase the ability of the filling technique to
preserve regional and pixel-level spatial, spectral, and temporal features that are

inherent in the MOD43B3 data.

2. Collection 4 spatially complete albedo products
Collection 4 MOD43B3 data (2000-2004) were processed using an enhanced
version of the interpolation algorithm that was originally detailed in Moody et al.

2005. In brief, this temporal interpolation technique is predicated upon the es-
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tablishment of a phenological curve for each pixel. When the phenological be-
havior of a pixel cannot be confidently determined, additional spatial support is
introduced via the concept that within a limited region, pixels representing the
same ecosystem species will exhibit similar phenological, or temporal, behavior.
Variations in local climate, canopy density and structure, and soil conditions,
however, will result in significant pixel-to-pixel differences in the relative magni-
tudes of the behavioral curves. Therefore in order to maintain these spatial pixel-
level variations in a temporal sense, the shape of the extent phenological curves
in the near ecosystem region will be coupled with all the temporal data that do
exist for that pixel to establish the complete phenological curve for that pixel.

It is imperative to appreciate that this filling technique is not based primarily
on land cover classes, but instead relies first and foremost on the establishment
of robust temporal or phenological curves at each pixel location. Only as a last
resort does the technique rely explicitly on the temporal information of local pix-
els of the same ecosystem class. This fallback approach is only used for a rela-
tively small number of pixels globally, namely in high latitude ephemeral and
seasonal snow impacted regions and tropical persistent cloud regions.

To be more explicit, in these last resort situations, local pixel-level statistics
of the same ecosystem class are selectively introduced to enhance spatial fidelity
and to provide robust temporal trends. Local-level statistics alone are only used
in severely underrepresented circumstances, such as a locality in Cameroon
where, due to the persistent clouds, no high quality observations are retrieved
for an entire year. Although the fallback approach maintains the unique inter-
annual magnitude of each pixel’s temporal trend, the inter-annual temporal vari-
ability of these pixels may be reduced.

The algorithm for processing the Collection 4 MOD43B3 data was enhanced
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by selectively introducing five-year aggregate statistics (in lieu of single year sta-
tistics) into the fallback approach. In addition, an updated MODIS International
Geosphere-Biosphere Programme (IGBP) ecosystem classification dataset (Friedl
et al. 2002), referred to as product MOD12Q1 (data 149, 2001), was employed to
provide, among other benefits, improved classification of urban areas.

Processing of year 2000 MOD43B3 data also required special attention as
data from the first three of the 23 16-day periods (periods 001, 017, and 033) that
comprise a year were unavailable as the Terra satellite was not yet operational.
As an approximation, the five-year aggregate MOD43B3 data and statistics were
substituted directly for these three missing periods.

Lastly, the five-year aggregate of high-quality flagged MOD43B3 data was
filled using the interpolation technique to provide a five-year average that can be
used as an average year. It should be noted that in Antarctica, only year 2002

data were used when aggregating the 5-year average.

3. Spatial and temporal distributions of filled versus original MOD43B3 data

The processing Quality Assurance (QA) of the spatially complete albedo
product is a record of whether a pixel in the original MOD43B3 data was flagged
as high quality and was thereby preserved or was filled using the temporal in-
terpolation technique (Moody et al. 2005). With this QA information, the spatial
and temporal distributions of filled versus MOD43B3 data can be explored to
provide researchers with a general reference of when and where they might ex-
pect to be using filled data. It can also provide a sense of where there is better
temporal coverage that will in turn provide better phenological information for
the interpolation technique. While each wavelength may have its own unique

number and location of pixels filled, the variation between wavelengths is minor.
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Fig.9. Mean diffuse bihemispherical (white-sky) albedo values computed for
each 16-day period for three bands (0.47 and 0.86 ym narrowband, and
the 0.3-5.0 yum shortwave broadband) over the 50°N-40°N latitude belt.
Trends are computed for three ecosystem classes, cropland (a and b),
grassland (c and d), and mixed forest (e and f) from the five-year aggre-
gate climatology (a, ¢, and e) and the 2002 single-year albedo data (b, d,
and f).





